Aims/hypothesis Risk estimates for stroke in patients with diabetes vary. We sought to obtain reliable risk estimates for stroke and the association with diabetes, comorbidity and lifestyle in a large cohort of type 2 diabetic patients in the UK. Materials and methods Using the General Practice Research Database, we identified all patients who had type 2 diabetes and were aged 35 to 89 years on 1 January 1992. We also identified five comparison subjects without diabetes and of the same age and sex. Hazard ratios (HRs) for stroke between January 1992 and October 1999 were calculated, and the association with age, sex, body mass index, smoking, hypertension, atrial fibrillation and duration of diabetes was investigated. Results The absolute rate of stroke was 11.91 per 1,000 person-years (95% CI 11.41-12.43) in people with diabetes (n=41,799) and 5.55 per 1,000 person-years (95% CI 5.40-5.70) in the comparison group (n=202,733). The ageadjusted HR for stroke in type 2 diabetic compared with non-diabetic subjects was 2.19 (95% CI 2.09-2.32) overall, 2.08 (95% CI 1.94-2.24) in men and 2.32 (95% CI 2.16-2.49) in women. The increase in risk attributable to diabetes was highest among young women (HR 8.18; 95% CI 4.31-15.51) and decreased with age. No investigated comorbidity or lifestyle characteristic emerged as a major contributor to risk of stroke. Conclusions/interpretation This study provides risk estimates for stroke for an unselected population from UK general practice. Patients with type 2 diabetes were at an increased risk of stroke, which decreased with age and was higher in women. Additional risk factors for stroke in type 2 diabetic patients included duration of diabetes, smoking, obesity, atrial fibrillation and hypertension.
Introduction
Although 20% of strokes may be associated with diabetes [1] , published risk estimates for stroke associated with diabetes vary from no increased risk [2] to a more than sixfold increase in risk [3] . The increase in risk attributable to diabetes appears to decrease with increasing age [2, [4] [5] [6] . Indeed, Wong et al. showed that after the age of 75 years, patients with diabetes had the same risk of stroke as those without diabetes [2] . The evidence for an increase in risk with smoking and obesity in people with diabetes is conflicting [3, [7] [8] [9] [10] [11] [12] [13] .
Part of the variation in the published risk estimates for stroke in people with diabetes may be explained by the composition of the study populations [2, 3, 9, 14] . Many studies excluded older patients, did not differentiate between diabetes type, selected from a population that had a different underlying risk of stroke from that of the UK or used the general population containing diabetes as the comparison group [9, 10, 13, 14] . This study sought to obtain reliable risk estimates for stroke across all agegroups in a cohort of over 40,000 people with type 2 diabetes and over 200,000 without diabetes, and to test the effect of sex, BMI, smoking habits, hypertension, atrial fibrillation and duration of diabetes.
Subjects and methods
Study population A cohort study was conducted using data from the General Practice Research Database (GPRD). The GPRD provides anonymised data from general practices across the UK for some 5% of the population, and includes data on demographics, diagnoses and symptoms, prescriptions and hospital admissions. Information on people's lifestyles such as smoking habit is also available. GPRD data have been shown to be of high quality and validity, and have been used extensively for epidemiological studies [15] [16] [17] [18] [19] [20] [21] .
From the GPRD we identified, in practices contributing research quality data, all individuals aged 35 to 89 on 1 January 1992 (baseline). Patients with type 2 diabetes were identified using an algorithm based on age at diagnosis and type of treatment. Full details of the cohort selection have been published elsewhere [22] [23] [24] . For each patient with type 2 diabetes five comparison subjects of the same age and sex and with no record of or treatment for diabetes at any time before 1992 or during the follow-up period were selected at random from the database.
Identifying stroke Individuals with a record of stroke were identified blind to whether the patient had or did not have diabetes. Algorithms were established to identify and assess the reliability of new stroke diagnoses recorded after baseline. The diagnosis was considered 'definite' where a stroke was recorded and the patient died within 30 days or where there was evidence of relevant prescribing (aspirin, warfarin, dipyridamole or clopidogrel) plus other supporting evidence of stroke (hospital discharge, physiotherapy or rehabilitation, confirmation of stroke by computed tomography, EEG) within 60 days. 'Probable' strokes had a record of stroke and relevant prescribing or supporting evidence, but not both. If only a stroke record was evident, these were considered 'possible' strokes. To ensure that limb weaknesses due to cardiovascular causes only were included, patients with cancer or a new diagnosis of multiple sclerosis were excluded from the analysis. Individuals with a record of stroke before baseline were excluded from the study population.
Lifestyle factors and comorbidity BMI was calculated using available height and weight recordings closest to baseline. Patient records were reviewed to confirm apparent BMIs of <20 kg/m 2 or >50 kg/m 2 . Calculated BMIs of <15 or >55 kg/m 2 (<1% of final calculations) were deemed unreliable and the patient's BMI status was coded as 'unknown'. Similarly, smoking status was defined by records closest to baseline, a method described by Hubbard et al. [25] . Smoking records may refer to the number of cigarettes smoked per day or to smoking habit, e.g. nonsmoker, smoker. If the record closest to baseline was 'nonsmoker' but a 'smoker' record existed earlier, the patient's smoking status was coded as 'ex-smoker'. Among patients with diabetes, duration of diabetes at baseline was estimated either from the date of the first diabetes record or the date of the first diabetes-related prescription, whichever was earlier. All patients with a record of hypertension and/or atrial fibrillation before baseline were identified using appropriate codes.
Statistical analysis Analyses were performed using STATA version 8 (STATA, College Station, TX, USA). Cox proportional hazards models were used. Rates of stroke were calculated for patients with diabetes and the comparison group by age-group and sex, using the number of events divided by the number of person-years at risk that were contributed by each group. Multivariate analyses were carried out in the diabetes cohort, adjusting for sex, duration of diabetes, smoking, BMI, atrial fibrillation and hypertension, and then stratified by age and sex. Where the date of diagnosis was unreliable (3.1%), the average duration of diabetes in that age-group was assumed for the multivariate analysis. To allow for change in age-group across the 7-year study period, all age-grouping was performed using Lexis expansion. Sensitivity analyses were carried out to test the reliability of stroke diagnosis and the impact of missing data. We checked for interaction between risk factors and the effect of using risk factor data at baseline. Further analyses were performed using different age and BMI-grouping to allow direct comparison with other published risk estimates and rates of stroke.
Ethical permission was given for this study by the GPRD Scientific and Ethical Advisory Group.
Results
We identified 985 definite, 1,102 probable and 568 possible new strokes among 41,799 patients with type 2 diabetes and 2,374, 2,609 and 1,404, respectively, in the comparison group (n=202,733). Sensitivity analyses revealed that the reliability of diagnosis had no effect on risk estimates. When a random sample of patient records from the definite and probable categories was viewed, no evidence disputing the diagnosis of stroke was found. The reported analyses are based upon the definite and probable strokes (78.2% of all strokes). Population characteristics are provided in Table 1 . The proportion of missing BMI and smoking data was high, especially in the comparison group.
The absolute rate of stroke was 11.91 per 1,000 personyears (95% CI 11.41-12.43) in the cohort with diabetes (Table 2 ) and 5.55 per 1,000 person-years (95% CI 5.40-5.70) in the comparison group (Table 3 ). In the diabetes group, 34.5% died within 28 days of the stroke record, compared with 36.3% in the comparison group. The overall age-adjusted HR for stroke in type 2 diabetes compared with those without diabetes was 2.19 (95% CI 2.09-2.32) Table 5 demonstrates the risk estimates for stroke associated with co-morbidity and lifestyle factors among people with and without diabetes. The unadjusted risk of stroke was significantly higher for men in the comparison group, but not in the diabetes group (HR 0.99; 95% CI 0.91-1.08). The increased risk associated with hypertension and atrial fibrillation appeared less marked in the diabetes group than in the comparison group. The risk for those with type 2 diabetes who had stopped smoking was not different from the risk among current smokers with type 2 diabetes. An increase in risk for stroke associated with obesity was seen only in those with a BMI >35 kg/m 2 in the diabetes cohort. The results of the multivariate analysis among people with diabetes showed little change in any of the HRs compared with the univariate analyses, suggesting that these risk factors are independent.
Sensitivity analyses excluding or including unknown BMI or smoking as separate groups made no difference to the HRs for known BMI and smoking. Further analyses assigning unknown BMI by age-group to average, mode, below average and very obese did not alter the HRs significantly. No interactions were found between diabetes and any of the other risk factors. To test whether the use of risk factor data collected closest to baseline affected the risk estimates, we repeated the analysis first with follow-up ending 1 year from baseline and then in those with data continuing beyond 1997. The risk estimates were largely unchanged. Multivariate analysis stratified by age-group and sex showed no significant change in the risk estimates for BMI, smoking habits, hypertension or atrial fibrillation in any age-group or either sex.
Discussion
This study demonstrated that type 2 diabetes is associated with a twofold increase in the risk of stroke, but there was no difference in 28-day case fatality compared with patients without diabetes. This is consistent with other smaller studies [1, 2, 5, [26] [27] [28] . The increase in risk associated with diabetes decreased with age and was highest in young women (HR 8.18 [95% CI 4.31-15.51]). This was not explained by a higher frequency of obesity, smoking or comorbidity in this subpopulation. Men with type 2 diabetes were at the same risk of stroke as their female . This has also been demonstrated in previous studies [1-3, 8, 14, 29, 30] . The risk associated with obesity in people with diabetes was increased only in the group with a BMI >35 kg/m 2 , reflecting perhaps the lack of association between stroke and obesity seen in other smaller studies among people with diabetes [3, 9, [11] [12] [13] . Using BMI <23 kg/m 2 as the reference and grouping as in the Physicians' Health Study [10] , where the study population included individuals with diabetes, our study showed a smaller non-significant increase in risk; those with a BMI >30 kg/m 2 had a 40% increased risk compared with 112% in that study (data not shown). Although the Physicians' Health Study showed obesity to be an independent risk factor for stroke, our study suggests that weight loss may be of benefit only in the very obese with type 2 diabetes. The absence of difference in risk between smokers and ex-smokers among people with type 2 diabetes is consistent with work by Tuomilehto et al. [13] and suggests that smoking cessation may have little impact on risk of stroke in people with type 2 diabetes, although smoking cessation has many other known health benefits. Even though patients with diabetes were twice as likely to have a diagnosis of atrial fibrillation or hypertension, the associated increase in risk of stroke was small and significantly less than that in patients without diabetes. None of the individual variables measured in our analysis appeared to explain the elevated risk of stroke in diabetes.
Unlike studies where the general population is used as the comparison, our comparison group had no record of diabetes prior to baseline or at any time during follow-up. It has been estimated that a person may have undiagnosed [31] . In our study population, the maximum follow-up period from baseline was 7.9 years and the average was 4.4 years. While we are confident that the burden of undiagnosed diabetes in our comparison group is likely to be low, we cannot ignore the possibility that any undiagnosed diabetes in the comparison group could attenuate the observed differences in risk.
Our findings are subject to some limitations. Although the inclusion of patients with unknown BMI and smoking data made no difference to the HRs, we accept that missing data will have resulted in residual confounding, and risk estimates associated with BMI should therefore be interpreted with caution. However, sensitivity analyses did not give cause for concern. In addition, with regard to the risk associated with obesity, if waist circumference had been available this might have proven to be a more reliable predictor of stroke in type 2 diabetic patients. The duration data show that the majority of patients had a duration of diabetes of less than 5 years. This may be a result of the retrospective recording of diagnosis in those diagnosed with diabetes before the patient's registration on the database, resulting in a possible underestimation of diabetes duration. Unfortunately, because of the nature of onset in type 2 diabetes and the likelihood of a period of undiagnosed diabetes, determining the duration of type 2 diabetes in a study such as this is always subject to limitations. Misclassification of stroke may have led to underestimated risks, but there is no reason to believe that this will have been differential between the diabetes and comparison groups, as stroke status was assessed blind to diabetes status. Records with hypertension or atrial fibrillation prior to baseline may have been missed if not coded by the general practitioner. Again, however, those with codes were identified blind to the diabetes status.
Patients with type 2 diabetes tend to be elderly and are managed principally in primary care. It is therefore appropriate to derive risk estimates from data collected from general practice. The validity of the diagnostic data is important and GPRD data have been used in previous studies to estimate the prevalence of diabetes [32] and the incidence of stroke [33] [34] [35] . Our data using supporting evidence to confirm diagnosis among 80% of patients with a stroke code also agree with that of a previous GPRD cerebrovascular disease validation study [34] . We have also compared our rates of stroke in the comparison group without diabetes with that of the Oxford Vascular Study [36] , and those in the diabetes group with those published by McAlpine et al. [37] , and the findings are remarkably consistent. Thus although we acknowledge that a database study such as this is limited in as far as the study population is not a true inception cohort, we believe that the data from this study are reliable and can be generalised to the UK.
Conclusions
The data from this study provide risk estimates for stroke from an unselected population with type 2 diabetes in the UK compared with a non-diabetic population. The risk associated with diabetes was highest in young women and although this risk decreased with age, patients aged over 75 years were still at increased risk. Our analysis confirmed a significantly increased risk of stroke associated with hypertension, atrial fibrillation and high BMI, although, despite a twofold increase in the prevalence of these risk factors among patients with type 2 diabetes, the risk estimates for stroke associated with these known risk factors did not differ significantly between patients with diabetes and those without. The results highlight the need for detection and treatment of diabetes particularly in the young and in women; they also highlight the burden of comorbidity in diabetes on a population basis.
